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Abstract Different models have been proposed for the
formation and tectonic evolution of the South China Sea
(SCS), including extrusion of the Indochina Peninsula,
backarc extension, two-stage opening, proto-SCS dragging,
extension induced by a mantle plume, and integrated
models that combine diverse factors. Among these, the
extrusion model has gained the most attention. Based on
simplified physical experiments, this model proposes that
collision between the Indian and Eurasian Plates resulted in
extrusion of the Indochina Peninsula, which in turn led to
opening of the SCS. The extrusion of the Indochina
Peninsula, however, should have led to preferential open-
ing in the west side of the SCS, which is contrary to
observations. Extensional models propose that the SCS was
a backarc basin, rifted off the South China Block. Most of
the backarc extension models, however, are not compatible
with observations in terms of either age or subduction
direction. The two-stage extension model is based on
extensional basins surrounding the SCS. Recent dating
results indeed show two-stage opening in the SCS, but the
Southwest Subbasin of the SCS is much younger, which
contradicts the two-stage extension model. Here we pro-
pose a refined backarc extension model. There was a wide
Neotethys Ocean between the Australian and Eurasian
Plates before the Indian-Eurasian collision. The ocean floor
started to subduct northward at*125 Ma, causing backarc
extension along the southern margin of the Eurasian Plate
and the formation of the proto-SCS. The Neotethys sub-
duction regime changed due to ridge subduction in the Late
Cretaceous, resulting in fold-belts, uplifting, erosion, and
widespread unconformities. It may also have led to the
subduction of the proto-SCS. Flat subduction of the ridge
may have reached further north and resulted in another
backarc extension that formed the SCS. The rollback of the
flat subducting slab might have occurred*90 Ma ago; the
second backarc extension may have initiated between 50
and 45 Ma. The opening of the Southwest Subbasin is
roughly simultaneous with a ridge jump in the East Sub-
basin, which implies major tectonic changes in the sur-
rounding regions, likely related to major changes in the
extrusion of the Indochina Peninsula.
Keywords South China Sea  Neotethys  Plate
subduction  Ridge subduction  Indochina Peninsula
extrusion  Backarc extension  Multiple plate interactions 
Proto-South China Sea
1 Introduction
The South China Sea (SCS) is the largest marginal sea in
the world, with an area of about 3.5 million km2, and has
been a hot topic among geologists in China and western
countries (Sun et al. 2011; Zhou et al. 2011; Xu et al. 2012;
Huang et al. 2013; Li et al. 2014a; Liu et al. 2014; Tang
et al. 2014; Clift et al. 2015; Lei et al. 2015). Tectonically,
the SCS is located at the junction of the Eurasian, Indian,
Australian, and Pacific Plates and its formation is com-
monly attributed to interactions among these plates (Sun
et al. 2006; Xia et al. 2006). The details of the formation
& Weidong Sun
weidongsun@gig.ac.cn
1 CAS Key Laboratory of Mineralogy and Metallogeny,
Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, China
2 CAS Center for Excellence in Tibetan Plateau Earth
Sciences, Chinese Academy of Sciences, Beijing 100101,
China
123
Acta Geochim (2016) 35(3):215–225
DOI 10.1007/s11631-016-0110-x
and evolution of the SCS have been hotly debated due to its
special tectonic setting and multiple plate interactions
(Taylor and Hayes 1980, 1982; Tapponnier et al. 1982;
Briais et al. 1993; Zhou et al. 1995, 2002, 2008; Chung
et al. 1997; Sun et al. 2006, 2009, 2011). Here we discuss
major models on the origin and evolution of the SCS.
Based on the drifting history of the Indian, Australian, and
Pacific Plates since the Cretaceous, we propose that the
initiation of the SCS was controlled by backarc extension
associated with the northward subduction of the Neotethys.
Southward extrusion of the Indochina Peninsula was not
the controlling factor.
2 Brief description of different models
of the South China Sea
A variety of models have been proposed for the initiation,
formation, and evolution of the SCS, including the extru-
sion model (Tapponnier et al. 1990; Briais et al. 1993),
backarc extension model (Hilde et al. 1977), two-stage
rifting model (Yao 1999), proto-SCS dragging model
(Holloway 1982; Taylor and Hayes 1982; Hall 1996),
models that involve extension induced by mantle plume
(Flower et al. 1998), combinations of proto-SCS pull and
extrusion of the Indochina Peninsula, and/or mantle flows
(Tamaki 1995; Morley 2002; Zhou et al. 2002; Sun et al.
2006), etc.
2.1 The extrusion model of the Indochina Peninsula
The most famous model for the formation of the SCS is the
extrusion model proposed by Tapponnier et al. based on
physical modeling experiments (Fig. 1) (Tapponnier et al.
1982, 1990; Briais et al. 1993). According to this model,
collision between the Indian and Eurasian continents
resulted in major deformation in the Eurasian crust, leading
to [700 km of southward extrusion of the Indochina
Peninsula along the Ailaoshan–Red River sinistral fault.
The model is based mainly on physical experiments with
plasticine, on structural data of the crustal-scale Ailaoshan–
Red River fault, and on the spreading history of the SCS
(Tapponnier et al. 1990). The synchronicity between the
strike-slip movement of the fault (Tapponnier et al. 1990;
Leloup et al. 1993) and the spreading of the SCS (Taylor
and Hayes 1980, 1982) was initially viewed as key evi-
dence. However, as study on the SCS continued, problems
emerged with the extrusion model:
(1) Age discrepancy. Ocean floor magnetic anomalies
provide an efficient method for dating the ocean
floor. The accuracy of this method, however,
requires that the absolute age of at least one point
is well known. Therefore, this method is most
reliable for dating ocean floors with active spreading
centers, i.e., with a starting age of zero. It was once
thought that the SCS is no longer spreading.
Therefore, magnetic anomaly dating of the SCS
was governed by an estimate of the initiation time of
the SCS. The widely cited age of 32 Ma was
estimated based on sedimentary records in the
northern part of the SCS (Taylor and Hayes
1980, 1982). Combined with analyses of deep-tow
magnetic anomalies, it is inferred that the initial
seafloor spreading started around 33 Ma in the
northeastern SCS, with a 1 to 2 Myr variation along
the northern continent-ocean boundary. Recently
collected International Ocean Discovery Program
Fig. 1 The extrusion model of Tapponnier. According to this model, the collision between the Indian and Eurasian Plates resulted in sinistral
stike-slip movement of the Ailaoshan–Red River fault (ASRR), and consequently the southward extrusion of the Indochina Peninsula, leading to
the opening of the SCS (Tapponnier et al. 1982, 1990; Briais et al. 1993; Leloup et al. 1993)
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(IODP) Expedition 349 cores show the terminal age
of seafloor spreading to be *15 Ma in the East
Subbasin and *16 Ma in the Southwest Subbasin
(Li et al. 2014a), which is consistent with the
collision unconformity in Nansha (Sun et al. 2011).
In contrast, the initiation time of the Ailaoshan–Red
River fault is *40 Ma, about 6–8 Myr earlier than
previous results (Taylor and Hayes 1980, 1982;
Chung et al. 1998; Liang et al. 2007). This makes the
oldest oceanic crust in the SCS younger than the
initiation of extension and continent breakup. There-
fore, the ages of the SCS do not support the extrusion
model.
Moreover, there was a southward ridge jump at
*23.6 Ma in the East Subbasin, which was coeval
to the onset of seafloor spreading in the Southwest
Subbasin (Li et al. 2014a). This cannot be plausibly
explained by extrusion along the Ailaoshan–Red
River shear zone.
(2) Drillhole samples from Reed Bank show an obvious
unconformity corresponding to[65 Ma (Fig. 2). This
unconformity is actually widely distributed around
the SCS (Taylor and Hayes 1982). Moreover, geo-
physical data show well-developed folds below this
unconformity (Yan and Liu 2004), which indicate
collision/compression before the extension of the
SCS. Paleocenemarine sediments are in direct contact
with Early Cretaceous sediments in the Nansha
Islands (Schluter et al. 1996), suggesting that collision
was followed by extension in or before the Paleocene.
Taylor and Hayes (1982) proposed that the extension
in the SCS occurred at 65 ± 10 Ma, i.e. before the
collision between the Indian and the Eurasian conti-
nents (Chung et al. 1998, 2005; Wu et al. 2010; Yin
2010). Given that the extrusion of the Indochina block
was much later, the collision between the Indian and
Eurasian continents was not likely the primary driving
force of extension in the SCS.
(3) Both the south and east sides were set as free
boundaries in the physical experiment of Tapponnier
et al. (1982). This is not realistic as shown by later plate
reconstruction results (Lee and Lawver 1994; Hall
1996). Therewere several plate subductions around the
SCS: the Pacific Plate in the east, and the now vanished
Neotethys and proto-SCS plates in the south.
Subducting plates may interact intensively with
obducting plates. Major orogens may form particularly
during flat subduction, as along the Andes where the
Pacific pPlate is subducting underneath the American
continent (Sobolev and Babeyko 2005). The uncon-
formity and folds before*65 Ma likely resulted from
the interaction between subducting plates and the
Eurasian continent due to a changed subduction
regime, such as the subduction of the Neotethys
spreading ridge. Therefore, experiments with free
boundaries cannot reflect the real geodynamic
conditions.
(4) The laboratory experiments with plasticine cannot
precisely simulate the physical properties of rocks,
Fig. 2 Simplified strata of the Nansha terrane, modified after (Yan
and Liu 2004), established by seismic data and published stratigraphy
schemes. Nine reflectors were established, T1–T5, T7, Tg, Th, and Tm
Note: Th and Tm are well-observed in the pre-rift formations around
the SCS by seismic methods, which place initiation time of the
spreading of the SCS at 65 ± 10 Ma (Taylor and Hayes 1982)
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especially the long-term geodynamic properties and
behaviors of the crust and the lithosphere scales of
over 1000 km (Tapponnier et al. 1982). In addition,
the results of Tapponnier et al.’s physical experi-
ments were not reproduced by either Xia et al.’s
(2006) numerical modeling or by Sun et al.’s (2006)
physical experiments with different boundary con-
ditions (Sun et al. 2009, 2010, 2011).
(5) The extrusion of the Indochina Peninsula along the
Ailaoshan–Red River fault may have indeed chan-
ged the stress of the SCS, but since the main force of
the extrusion was concentrated along the western
margin of the SCS, the corresponding extension
should be better developed in the west. In contrast,
the spreading center of the SCS is wider in the east
than in the west, which cannot be directly explained
by the extrusion model.
2.2 Backarc extension
The backarc extension model proposes that the SCS was a
backarc basin rifted from the passive margin of the Eur-
asian continent. While the subduction of the Philippine Sea
pPlate was originally taken as the primary driving force
(Karig 1971; Benavrah and Uyeda 1973; Guo et al. 1983),
the subduction direction of the Philippine Sea and the
Pacific Plate is not compatible with the extension direction
of the SCS. Alternatively, SCS was interpreted as a backarc
basin related to subduction of the Neotethys Plate between
the Australian and Eurasian continents (Hilde et al. 1977).
The subduction direction of the Neotethys and extension
direction of the SCS match with each other quite well.
According to this model, the extension of the SCS started
at 100 Ma (Fig. 3) (Hilde et al. 1977; Stern and Bloomer
1992). There is no evidence, however, for such an early
extension in the SCS. Instead, there was major compression
in the whole south China around 100 Ma (Li et al. 2014b).
Interestingly, paleomagnetic studies show that several of
the islands near the southern margin of the SCS were
located close to the Eurasian continent at 65 Ma (Lee and
Lawver 1995). The Late Cretaceous southward extension
along the south margin of the Cathaysia block is called the
‘‘Shen Hu movement’’ (Yao et al. 1994) and may have
started *80 Ma. Such early extension may have formed
the proto-SCS. All these studies provide constraints on the
extension model. (See details in Sect. 3)
2.3 Two-stage extension model
The two-stage extension model proposes two extension
events in the SCS, based on geophysical features; in par-
ticular: water depths, extensional basins surrounding the
SCS, and magnetic anomalies in the Southwest Subbasin of
the SCS. According to this model, the first extension,
which occurred in the Late Eocene to Early Oligocene
(42–35 Ma), formed the southwest-northeast trending
Southwestern Subbasin. The magnetic anomalies corre-
spond to No. 18-13 in the international magnetic age table.
The second extension occurred in the Late Oligocene to
Early Miocene, resulting in the east–west trending East/
Main Subbasin (Fig. 4) (Yao 1999). This model is mainly
based on the two sets of extensional basins surrounding the
SCS. The Late Eocene to Early Oligocene basins display
northwest-southeast extension followed by north–south
extension. The former are roughly parallel to the Southwest
Subbasin of the SCS, whereas the latter are parallel to the
main basin (Yao 1999). This model, however, did not
provide any driving force for the opening of the SCS.
Recent dating results indeed show two-stage opening of
the SCS, but the timing is not consistent: the Southwest
Subbasin propagated for about 400 km southwestward
from *23.6 to *21.5 Ma and ended at 16 Ma (Li et al.
2014a). The opening of the Southwest Subbasin is roughly
simultaneous with a ridge jump in the East Subbasin, likely
suggesting major changes in tectonic settings and/or driv-
ing forces. These do not support the two-stage extension
model.
2.4 Proto-South China Sea dragging model
The dragging model posits that a proto-SCS to the south of
the current SCS vanished through southeastward subduc-
tion beneath the Luzon and Sulu islands in the Late Cre-
taceous to Paleocene (Holloway 1982; Taylor and Hayes
1982; Lee and Lawver 1994, 1995). Subduction of the
proto-SCS resulted in extension and rifting along the
southeast margin of the South China Block and the for-
mation of the SCS (Fig. 5) (Holloway 1982; Taylor and
Hayes 1982; Hall 1996). Although this model is seemingly
supported by abundant ophiolites in the Luzon and Sulu
islands (Yumul 2007), paleomagnetic results show that the
proto-SCS was very small (Lee and Lawver 1994). It is not
likely to have pulled apart the thick continental lithosphere
of South China.
The formation of the proto-SCS is not explained by
these models. Based on current knowledge of backarc
extension, we propose that the proto-SCS was formed
through backarc extension during the closure of the Neo-
tethys. (See details in Sect. 3.)
2.5 Extension induced by mantle plume
A mantle plume has also been proposed as the driving force
for the formation of the SCS (Flower et al. 1998; Xu et al.
2012). This model is seemingly supported by seismic
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tomography, which shows high temperature anomalies
beneath the SCS (Huang and Zhao 2006; Zhao 2007).
Geochemical data on some basaltic rocks are arguably
consistent with the mantle plume model (Yan et al. 2008;
Zou and Fan 2010; Xu et al. 2012; Huang et al. 2013).
However, the same type of alkalic basalts are common at
the eastern margin of the Eurasian continent, which is
mostly much younger than the SCS. Plume heads may
initiate plate drifting (Griffiths and Campbell 1991); large-
scale magmatism, which is typical of mantle plume heads,
however, is absent in the SCS and surrounding regions. We
argue that, although there are volcanic rocks that are
seemingly plume related, most of those plume-type vol-
canic rocks are much younger than the SCS. Therefore, a
mantle plume is not likely to be the main driving force that
initiated the SCS. Instead, the Hainan plume may have
been initiated by the subducted Neotethys Plate.
2.6 Integrated models
Integrated models attribute the opening of the SCS to a
combination of several events, e.g., proto-SCS subduction/
pull plus mantle flow induced by collision between the
Indian and Eurasian continents (Sun et al. 2006); proto-
SCS subduction/pull plus southward extrusion of the
Indochina Peninsula (Morley 2002); or multiple plate
subduction, shearing, and collisions (Tamaki 1995; Zhou
et al. 2002). For example, Morley (2002) proposed that
both the southward extrusion of the Indochina Peninsula
and the subduction of the proto-SCS contributed to the
formation of the SCS (Fig. 6). According to this model, the
Ailaoshan–Red River fault is connected to the subduction
zone of the proto-SCS, with southward extrusion having
enhanced the subduction of the proto-SCS and the opening
of the SCS. However, as discussed above, neither extrusion
nor proto-SCS subduction/pull can explain the formation of
the SCS. Nor can it explain the two-stage extension.
Some of the multiple plate interaction models take the
Japan Sea/East Korean Sea as an analog of the SCS, which
suggests the dextral faulting along the eastern margin of the
Eurasian continents was due to eastward mantle flow
resulting from the India-Eurasia collision and NNW drift of
the Australian Plate (Zhou et al. 2002). The problem is that
the SCS is located in the southeast margin of the Eurasian
Fig. 3 Backarc extension model, modified after (Stern and Bloomer 1992). According to this model, the SCS initiated at*100 Ma and formed
as the backarc basin of the Neotethys Plate subduction (Hilde et al. 1977)
Note: the collision between the Indian and Eurasian continents and the position of the Neotethys ridge in this model are not consistent with
current understanding
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continent, which is dramatically different from the Japan
Sea/East Korean Sea.
The Japan Sea/East Korean Sea was once attributed to
back arc extension controlled by large intracontinental
strike-slip faults likely induced by the India-Asia collision
(Jolivet et al. 1994). A later study suggested that ‘‘opposite
rotational torques,’’ which led to opposite terrane rotations,
Fig. 5 Proto-SCS dragging model suggests that the SCS resulted
from the southeastward subduction of the proto-SCS (Holloway 1982;
Taylor and Hayes 1982; Hall 1996)
Fig. 6 The integrated model, which proposed that both the southward
extrusion of the Indochina Peninsula and subduction of the proto-SCS
were responsible for the formation of the SCS (Morley 2002)
Fig. 4 Two-stage extension model, suggesting that the southwest and northwest subbasins formed early (42–35 Ma), whereas the central SCS
basin formed much later of (32–17 Ma). Note: the extension directions of the two extensions are different (Yao 1999). New dating results show a
much younger Southwest Subbasin, which does not support the two-stage extension model (Li et al. 2014a)
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could have been caused by rollback of a curved trench
hingeline or by the divergent slab-sinking forces of the
Pacific and Philippine Sea Plates (Martin 2011). Alterna-
tively, it was proposed that backarc basins around the
Eurasian continent, opened at 32–17 Ma, were induced by
either rapid eastward migration of the western Pacific
trench system or by oblique subduction of the Pacific Plate
beneath Asia (Yin 2010). The Pacific Plate was subducting
roughly northward between 100 and 50 Ma (Sun et al.
2007, 2013), which was likely responsible for the north–
south extension of the Japan Sea/East Korean Sea and the
Philippine Sea. Nevertheless, the subduction regime asso-
ciated with the SCS was quite different from that of the
Japan Sea/East Korean Sea.
3 Refined backarc extension model
Based on observations currently available and detailed
analyses on previous models, we favor a refined backarc
extension model (Fig. 7). We propose that the SCS formed
through backarc extension associated with the northward
subduction of the Neotethys oceanic plate, which was
located between Australia and Eurasia.
(1) The northward subduction of the Neotethys between
the Australian and Eurasian Plates may have started
at *125 Ma. Early on, the northward subduction of
the Neotethys was probably normal (with an angle of
*40) or steep subduction. In both case, there
should have been backarc extension, which was
probably responsible for the formation of the proto-
SCS. The whole Pacific Plate started to drift
northward at *100 Ma (Sun et al. 2007), coupled
with accelerated northward drifting of the Aus-
tralian, African, and Indian Plates (Scotese 2004),
which intensified the northward drifting of the
Australian Plate.
(2) The tectonic regime changed from extension to
compression when the spreading ridge of the
Neotethys started to subduct, forming folds and
unconformities, as shown in Fig. 2. This process
may have triggered and promoted the subduction of
the proto-SCS. Given that major compression
occurred across south China as shown by disconti-
nuities at*100 Ma (Li et al. 2014b), it is likely that
the ridge subduction started around this time.
Adakites of *100 Ma in south China are likely
due to this ridge subduction.
(3) As the northward subduction continued, the proto-
SCS disappeared; meanwhile, north–south backarc
extension started in the north and migrated south-
ward. There was a southward extension in the Late
Cretaceous along the southern margin of the
Cathaysia Block—the so-called ‘‘Shen hu Move-
ment’’ (Yao et al. 1994). Based on the ages of A-type
granites associated with adakite, this extension may
have started at *80 Ma. Extension in the whole
SCS region may have started between *50 and
45 Ma, after ridge subduction and bending between
the Emperor-Hawaii island chains (Sun et al. 2007).
Sea floor appeared in the SCS at 33 Ma, *12 to
17 Ma after the initiation of continent breakup and
extension (Fig. 7).
(4) The Indian and Eurasian Plates collided at *50 to
65 Ma, leading to uplift of the Tibetan Plateau (Ji
et al. 2009; Yin 2010; Chu et al. 2011; Liu et al.
2011; Meng et al. 2012). As collision continued, the
Tibetan Plateau rose to a critical point and started to
extrude eastward at about *40 Ma (Liang et al.
2007; Wang et al. 2010). This was accompanied by
magmatism (Liang et al. 2007; Wang et al. 2010)
and was followed by southward extrusion of the
Indochina Peninsula (Tapponnier et al. 1990), which
had a significant influence on backarc extension.
Fig. 7 Refined backarc extension model. A. Northward subduction of
the Neotethys oceanic plate probably resulted in formation of the
proto-SCS in the Early Cretaceous in response to backarc extension,
which vanished through southward subduction. B. Ridge subduction
resulted in collision and compression. C. The SCS was initiated due
to backarc extension under a changed subduction regime
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(5) The southward extrusion of the Indochina Peninsula
may have promoted the extension of the Northwest
Subbasin, and hindered development of the backarc
basins in the southwest (i.e. Southwest Subbasin).
The extension of the Southwest Subbasin is likely
due to changes in the extrusion of the Indochina
Peninsula.
4 Discussion
4.1 Ridge subduction and extension
The Australian, Indian, and Antarctic Plates separated from
each other in the Early Cretaceous (*125 to 130 Ma),
likely triggered by the Kurgelen mantle plume (Acharyya
2000; Scotese 2004). Both the Australian and Indian Plates
moved northwards, by 40 and 60, respectively (Mcel-
hinny et al. 1974). The Australian Plate has drifted
*4500 km northward since*125 Ma. Given that there is
no contemporaneous oceanic plate to the north of the
Neotethys, the northward drifting implies the initiation of
the northward subduction occurred shortly after 125 Ma
and that more than 4500 km of the Neotethys oceanic plate
was subducted northward, even if the Neotethys spreading
ridge stopped during the northward subduction. This is
sufficient to form backarc basins. A more realistic scenario
is that the ridge of the Neotethys also moved northward as
a result of single-side subduction.
The first stage of plate subduction was normal, with
older oceanic crust closer to the subduction zone. Such
subduction forms normal backarc extension. The likely
result was the proto-SCS.
Compression occurred when the Neotethys ridge started
to subduct, leading to discontinuities in sedimentary rocks
(Fig. 2) and major compression across the whole of south
China around 100 Ma (Li et al. 2014b). This is likely to be
the causal mechanism that initiated the southward sub-
duction of the proto-SCS.
During ridge subduction, young hot slab is subducted at
a low angle, or even flat, which may affect intra-plate
regions far from the subduction zone, and induce slab
rollback (Coney and Reynolds 1977; Li and Li 2007; Sun
et al. 2012). The Neotethys ridge might have been sub-
ducted beneath what is now southern Canton province. The
rollback of this slab might have commenced at *90 Ma,
causing extension and rifting, starting from the far north.
Consistently, paleomagnetic data show that Palawan
Island was located near the southern margin of the Eurasian
continent at 65 Ma, and had drifted *100 km southward
by 45 Ma. This indicates that the initiation of the SCS
occurred between 65 and 45 Ma (Lee and Lawver 1995).
Backarc extension also plausibly explains the migration of
extension centers from north to south.
4.2 Backarc extension
Backarc extension started at regions much closer to the
subduction zone after slab rollback. In the case of the SCS,
backarc extension may have started after the steering of the
whole Pacific Plate from northward drifting to northwest-
ward at *50 Ma (Sharp and Clague 2006; Sun et al.
2007, 2013), because the major change in the drifting
direction of the Pacific Plate was coupled with a dramatic
decrease in northward compression of the tectonic regime
of the SCS region.
The extension of the SCS is not symmetric. The
spreading center migrated southward through ridge jump at
*26 Ma (Briais et al. 1993; Li et al. 2003) or 23.6 Ma (Li
et al. 2014a). In most ocean basins, ridge jump is usually
associated with mantle plumes or hot spots, due to ridge
suction. It has been proposed that there is a mantle plume
in the Hainan Island, which is located to the north of the
ridge. No plume has been confirmed to the south of the
SCS ridge. Ridge-plume interaction would have resulted in
northward ridge jump.
In contrast, the southward ridge jump is consistent with
backarc extension, i.e., ridges in backarc basins jump
toward the subduction zone. This kind of asymmetric ridge
jump is common in southwest Pacific backarc basins,
including the backarc extension in the Philippine Plate
since 33 Ma. These phenomena can best be explained by
backarc extension associated with slab rollback of the
northward subducting Neotethys Plate (Fig. 7).
4.3 Ophiolite and Proto-South China Sea
Ophiolites in the Luzon and Sulu Islands reflect the history
of plate subduction surrounding the SCS. Four ophiolite
belts, with ages from Jurassic to Eocene, have been rec-
ognized (Fig. 8) (Yumul 2007). All these ophiolites are
located along the Manila trench, implying connections to
the SCS or proto-SCS. Given that the oldest oceanic crust
of the SCS is 33 Ma (Li et al. 2014a), these ophiolites are
most likely related to the proto-SCS, and even the
Neotethys.
4.4 The relation between the Tibetan Plateau
and the South China Sea
At*40 Ma, the Tibetan Plateau reached a critical point at
which the lithosphere was not able to sustain gravitational
forces and east–west extension and extrusion ensued. The
Indochina Peninsula extruded southward along the
Ailaoshan–Red River belt. Such extrusion hindered the
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development of backarc basins to the south of the Indo-
china Peninsula, and probably was partially responsible to
the narrowing of the SCS in the west. The southward
extrusion of the Indochina Peninsula decreased dramati-
cally at*23 Ma. As a result, backarc extension in the west
was influenced and the extension of the Southwest Sub-
basin started. This may plausibly explain the two-stage
opening of the SCS. The extension of the whole SCS ter-
minated when the Australian Plate collided with the
Indonesian arc.
5 Conclusion
Here we propose a model, involving two-stage backarc
extension, induced by northward subduction of the Neo-
tethys Plate—normal subduction followed by ridge sub-
duction/flat subduction. The first backarc extension was
responsible for the formation of the proto-SCS, whereas the
second extension was responsible for the Shenhu event and
ultimately the formation of the SCS.
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